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METHOD OF PREPARING PHENOXY ALKANOIC,

ALKENOIC, AND ALKYNOIC ACTOS AND SALTS THEREOF

VIAA DICARBOXYLATE INTERMEDIATE

This application claims the benefit ofU.S. Provisional Application No.

60/325,657, filed September 26, 2001, which is hereby incorporated by reference.

Field of the Invention

The present invention relates to a method ofpreparing aphenoxy alkanoic, alkenoic,

or alkynoic acid or a salt thereof firom a phenoxy containing coinponnd via a dicarboxylate

intermediate. The phenoxy alkanoic, alkenoic, and alkynoic acids and salts thereofprepared

by this method are suitable for use in compositions for deUvering active agents via oral or

other routes of administration to animals. Furthermore, the present invention relates to

phenoxy dicaiboxyUc acids and their salts for delivering active agents, such as biologicallyor

chemically active agents, to a target.

Backgronnd of the Invention

Intemational PublicationNo.WO 01/32596 disclosesphenoxy alkanoic, alkenoic, and

alkynoic acids and salts thereoffor the delivery ofactive agents and methods forpreparing the

same.

Alternate methods ofproducing phenoxy alkanoic, alkenoic, and alkynoic acids and

salts thereofwould be useful, especially where raw materials are expensive, yields are low,

and reaction conditions are difficult.

Therefore, there is a need for simpler and less expensive methods of preparing

phenoxy alkanoic, alkenoic, and alkynoic acids and salts thereof.
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Snmmarv of the InventiDii

The present invention relates to a method ofpreparing a phenoxy alkanoic, alkenoic,

or alkynoic acid or a salt thereoffrom aphenoxy containing compound via a dicarboxylated

phenoxy containing intermediate.

The present invention includes a dicarboxylated intermediate having the formula

where

R^ R^, R^ and R"* are independentlyH, -OH, halogen, C1-C4 alkyl, C2-C4 alkenyl, d-

C4 alkoxy, -C(0)R^^ -NO2, -NR^^^ or -N^^^**R'^ (R^^)";

10 R^ is H, -OH, -NO2, halogen, -CF3, -R*^^^ -N^^^^^^^ (R}^)\ amide, C1-C12

alkoxy, CrCu alkyl, C2-C12 alkenyl, carbamate, carbonate, urea, or -C(0)R'^;

R^ is a linear or branched, C1-C20 alkylene, C2-C20 alkenylene, or C2-C20 alkynylene;

R^ is optionally substitutedwith C1-C4 alkyl, C1-C4 alkenyl, oxygen, nitrogen, sulfur,

halogen, -OH, C1-C4 alkoxy, aryl, heteraryl, or vinyl;

15 R^ is optionally interrupted with aryl, heteroaryl, vinyl, oxygen, nitrogen, or sulfur;

R^ and R^ * are independently C1-C4 alkyl or C1-C4 haloalkyl;

R^ R^^ and R^^ are independentlyH or Ci-Cio alkyl;

R^^ is H, CrC4 alkyl, C2-C4 alkenyl, or -ISIH2;

R^^ and R^*^ are independently a halide, hydroxide, sulfate, tetrafluoroborate, or

20 phosphate;

R", R'^ and R" are independently H, Ci-Cio alkjd, Ci-Cio aDcyl substituted with -

COOH, C2-C12 alkenjd, Cz-Cn alkenyl substituted with -COOH, -C(0)R^;

R'' is -H, Ci-Ce alkyl, or C2-C12 alkenyl; and

R^" is -OH, CrCio alkyl, or C2-C12 alkenjd.

25 According to one prefenred embodiment,R^R^R^R^ and R^ are independently

hydrogen, hydroxy, halogen, and C1-C4 alkoxjr, r' is a linear or branched, C1-C20

-2-
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alkylene, C2-C20 alkenylene, or C2-C20 alkynylene; is optionally substituted Avith C1-C4

alkyl, C1-C4 aDcenyl, oxygen, nitrogen, sulfur, halogen, -OH, C1-C4 alkoxy, aryl, heteraryl,

or vinyl; is optionally rntennq[>ted with aryl, heteroaryl, vinyl, oxygen, nitrogm, or

sulfur; and and R^^ are independently C1-C4 alkyl or C1-C4 haloalkyl.

5 According to another embodiment, R^ R^ R\ R"*, and R^ are selected jfrom

hydrogen, hydroxy, halogen^ methoxy and ethoxy. According to yet another embodiment,

R^ is a C7-C12 alkylene and, more preferably, is a Unear CrCn alkylene.

The dicarboxylated intermediate may be prepared by alkylating a phenoxy

containing conq)ound with a dicarboxylate alkylating agent. In one embodiment, the

10 phenoxy alkanoic, alkenoic, or alkynoic acid is prepared by hydrolyzmg the

dicarboxylated intermediate. lii another embodiment, the phenoxy alkanoic, alkenoic, or

alkynoic acid is prepared by decaiboxylating the dicarboxylated intermediate. Optionally,

the dicarboxylated intermediate can be hydrolyzed before or after being decarboxylated.

Preferably, the dicarboxylated intermediate is hydrolyzed before undergoing

15 decarboxylation. The phenoxy alkanoic, alkenoic, and alkynoic acids and salts thereof

prepared by this method are suitable for use in compositions for delivering active agents

via oral or other routes of administration to animals.

Many ofthe alkylating agents disclosed in the prior art, such as ethyl 8-bromo-

octanoate as disclosed in Memational Publication No. WO 01/32596, which is hereby

20 incorporatedby reference, are prepared from the dicarboxylate alkylating agents ofthe

present invention. The process for converting the dicarboxylate compounds to the

alkylating agents ofthe prior art is often expensive and time consuming. For example,

ethyl 8-bromo-octanoate is prepared from 2-(6-bromohexyl)malomc add diethyl ester by a

multi-step process which includes an expensive distillation step. The process ofthe

25 present invention reduces the number of synthetic steps required to prepare alkylated

sahcylamides and, therefore, reduces their manufacturing cost and time.

The present inventors have also discovered that dicarboxylic confounds having

the formula

-3.
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O—

R

7/
\
COOH

COOH

and salts thereof, wherein R^, R"^, R^, and R^ are defined as above, faciUtate the

delivery ofactive agents. According to a preferred embodiment, R^ is -(CHaV, where n is 4

5 to 10 and more preferably 7 to 9. The terms "delivery agents" and "delivery agent

compounds" as used herein refer to the dicarboxylic compoimds ofthe present invention and

phenoxy alkanoic, alkenoic, and alkynoic acids and salts thereofprepared by the method of

the present invention.

One embodiment is a composition comprising at least one of the delivery agent

10 compounds and at least one active agent. These coir5)ositions deliver active agents to

biological systems ra increased or improved bioavailability ofthe active agent compared to

administration ofthe active agent without the delivery agent conipoimd-

Also provided are dosage imit forms comprising the compositions. The dosage

unit may be in the form ofa hquid or a solid, such as a tablet, capsule or particle,

15 * including a powder or sachet

Another embodiment is a method for administering an active agent to an animal in

need ofthe active agent, by administering a composition comprising at least one ofthe

delivery agent compoimds and the active agent to the animal. Preferred routes of

administration include the oral, intracolonic and pulmonary routes.

20 Yet another embodiment is a method oftreating a disease or for achieving a

desired physiological effect in an animal by administering the composition ofthe present

invention.

Yet another embodiment is a method ofpreparing a composition ofthe present

invention by mixing at least one delivery agent compound and at least one active agent

25

-4-
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10

15

Detafled Description of the Invention

The terms "alkyl", "alkenyl", and "alkynyl" (and also "alkylene", "alkenylene", and

"alkynylene") as used herein include linear and branched alkyl, alkenyl, and alkynyl

substituents, respectively.

The term "substituted" as used herein refers to compounds substituted with one or

more ofC1-C4 alkyl, C2-C4 alkenyl, and C2-C4 alkynyl.

.

The term "phenoxy" as used herein refers to a moiety which contains a phenyl

group bound to an oxygen atom. The phenyl group may be substituted or imsubstituted.

Preferably, the oxygen atom ofthe phenoxy group ofthe phenoxy containing

corr5)ound is bound to a leaving group. Suitable phenoxy contaitung compounds include,

but are not limited to, compoimds having the formula

O—

where

R^, R^, R\ and R^ are dejSned as above; and

R^ is a leaving group (e.g., H).

An example ofa suitable phenoxy containing compound is 1,4-dihydroxybenzene.

Alleviation

Thephenoxy containing compound is alkylated with a dicarboxylate alkylatmg agent

20 to form the dicarboxylatedintermediate. Suitable dicarboxylate alkylating agents include, but

are not limited to, those having the formula

O

25

X—

R

7/C—O—

R

8

^C—O—R^^

.5-
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where

7 * •R IS a linear or branched, C1-C20 alkylene, C2-C20 alkenylene, or C2-C20 alkynylene;

7R is optionally substituted with C1-C4 alkyl, C1-C4 alkmyl, oxygen, nitrogen, sulfur,

halogen, -OH, Ci"C4 alkoxy, aryl, heteraryl, or vinyl;

R^ is optionally inteirupted with aryl, heteroaryl, vinyl, oxygen, nitrogen, or sulfiir;

R^ and R*^ are independently C1-C4 alkyl or CrC4 haloalkyl; and

X is a suitable leaving group.

Suitable leaving groups include, but are not limited to, halogens and alcohols. Two preferred

leaving groups are chlorine and bromine. Preferably, R^ and R*^ are independently C1-C4

alkyl. Preferably, R^ and R" are the same. R'^ is preferably C4-C12 alkylene and more

preferably C7-C9 alkylene.

A preferred dicarboxylate alkylating agent has the formula

R^^ and R^ are independently C1-C4 alkyl;

X is a suitable leaving group; and

n is an integer from 2 to 12.

Preferably, n ranges from 3 to 1 0, more preferablyfrom 4 to 8, andmost preferably from 6 to

8. Non-limiting examples of dicarboxylate alkylating agents include 2-(6-bromohexyl)-

malonic acid diethyl ester and 2-(8-bromooctyl)malonic acid diethji ester, which are available

from Allied Signal, Lie. ofMorristown, NJ.

Many of the alkylating agents disclosed in the prior art, such as ethyl 8-bromo-

octanoate as disclosed in International PubKcationNo.WO 01/32596, are prepared from the

dicarboxylate alkylating agents of the present invention. The process for converting the

dicarboxylate compounds to the alkylating agents ofthe prior art is often exprasive and time

consuming. ' For example, ethyl 8-bromo-octanoate is prepared from 2-(6-

bromohexyl)malonic acid diethyl ester by a multi-step process which includes an expensive

distillation step. The process ofthe present invention reduces the number ofsynthetic steps

X-(CH2),
'n

C—O R

where
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required to prepare alkylated salicylamides and, therefore, reduces their manufacturing cost

and time.

The reaction between the dicarboxylate alkylating agent and the phenoxy containing

compound is preferably canned out in the presence of a slight molar excess of phenoxy

5 containing compound relative to dicarboxylate alkylating agent. Generally, the molarratio of

phenoxy containing compound to dicarboxylate alkylating agent ranges jfrom about 1:1 to

about 1 :0.5, preferably from about 1 :0.99 to about 1 :0.8, and most preferably about 1 :0.95.

The alkylating reaction is preferablyperformed inthepresence ofa suitable base, such

as pyridine, picoline, tetramethylguanidine, triethylamine, diisopropylethylamine, sodium or

10 potassium bicarbonate, sodium or potassium carbonate, or any combination of any of the

foregoing. According to a preferred embodiment, the base is sodiirai carbonate. Generally,

the reaction is performed in the presence of a slight molar excess of base relative to the

phenoxy containing compound.

The reaction may be carried out in solvents including, but not limited to,

15 dimethylacetamide (DMAC); dimethylformamide (DMF); ketones, such as acetone,

methylethylketone, and methyhsobutylketone; and any combination ofany ofthe foregoing.

Preferably, the solvent is non-aqueoiis.

The alkylating reaction is generally performed at a temperature offrom about 40 to

about 80" C. The reaction is preferablyperformed at a temperature offrom about 60 to about

20 SO"* C andmost preferably at about 70° C. The reaction is typicallyperformed at atmospheric

pressure to fiill vacuum and preferably from about 22 to about 24" Hg ofvacuum.

The reaction mixture prior and during the reaction preferably contains less than 5%,

more preferably less than 3%, and most preferably less than 1% by weight ofwater, based

upon 100% total weight ofreaction mixture.

25 The reaction is generally perfonned for a time sufficient to ensure the complete

reaction ofthe alkylating agent. The reaction duration may vary depending on the starting

materials. Generally, the reaction is allowed to run for a time sufficient so that at least about

90% and preferably at least about 99% of the limitmg reagent, ie., the dicarboxylate

alkylating agent, has been consumed, but is stopped before significant side reaction product

30 buildsiq). This reduces or elinainates the need for purification ofthe final product According

to one embodiment, the reaction is perfonned for from about 2 to about 18 horns, more

preferably from about 3 to about 5 hours, and most preferably about 4 hours.

The dicaiboxylated intermediate has the formula

-7-
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10

o

C—O—
,7/O—

R

where R^ R", r\ r', R^ and R" are defined as above.

The dicarboxylated intermediate is then, optionally, hydrolyzed and decarboxylated to

yield the phenoxy alkanoic, alkenoic, or alkynoic acid or salt thereof. The hydrolysis step

maybe performed before or after the decarboxylation. According to apreferred embodiment,

the decarboxylation is performed afterhydrolysis. Typically, this process entails the removal

of one of the carboxylate moieties. Optionally, the carboxylate moiety or moieties of the

alkylated phenoxy containing compoundmaybe hydrolyzed to form a carboxyhc acid moiety

or carboxylic acid moieties or carboxylate salt. One of the carboxylate groups may be

removed and the remaining carboxylate group may be hydrolyzed by acidic, basic and/or

neutral hydrolysis as known in tiie art. Neutral hydrolysis may be performed, for example,

with super-heated water at a temperature offrom about 100 to about ISO"" C.

15

20

25

Hydrolysis

Optionally, thephenoxy alkanoic, alkenoic, or alkynoic acid or carboxylate deriyatiye

thereofmay be further reacted to modify the end group ofthe alkylating moiety, i.a, or

^
.
For example, the end group -CN or -C(0)0-CH2-CH3 may be modified to -COOH or a

salt thereof This maybe accompUshed bymethods known in the art, such as neutralization

and acidic, basic, and neutral hydrolysis.

Decarboxylation

If a monocarboxyUc phenoxy containing compound is desired, the prepared

dicarbpxylate intennediate may be decarboxylated. The decarboxylation step is performed

either before or after the optional hydrolysis step. Preferably, decarboxylation is performed

after the deprotecting and deactivating steps and optional hydrolysis step.

-8-
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The decarboxylation step removes one of the carboxylate moieties from the

dicarboxylated intermediate (i.e. one ofthe two carboxyl groups at the end ofthe chain R'^).

Decarboxylation can beperformedby anymethod known in the art, such as acidic hydrolysis.

Acidic hydrolysis may be performed, for example, with aqueous hydrochloric acid or

5 aqueous trifluoroacetic acid. For example, acidic hydrolysis maybeperformed with aqueous

hydrochloric acid in acetone at a temperature offrom about 25 to about 65° C. According to

one embodiment, acidic hydrolysis is performed at apH ofabout 3.5 to 4.5 and preferably at

about 4. In order to control foaming due to the release ofcarbon dioxide, the reactionmaybe

performed in the presence of acetone.

10 Decarboxylation can also beperformedbyheating the dicarboxylated intermediate in

a high boiling point organic solvent, such as xylenes, toluene, heptane, dimethyl acetamide

(DMA orDMAC), dimethyl fonnanaide (DMF), methyl sulfoxide, isoparaffins (ag. isopar-G,

isopar-H, isopar-L, and isopar-K available from Exxon Chemicals ofHouston, TX), and any

combination ofthe foregoing. The organic solvent preferably has a boiling point ofat least

15 110° C and more preferably of at least 140° C, According to one embodiment, the

decarboxylation reaction is preferablyperformed at atemperature ranging from about 120 to

about 160° C, more preferably from about 140 to about 160° C, and most preferably from

about 145 to about 165° C. The temperature at which the reaction is performed should be

sufficient to remove one ofthe carboxylate groups at the end ofthe chain R^.

20 Preferably, anywater in the reaction mixture is removed prior to heating. Watermay

be removed from a reaction mixture containing the free acid of the dicarboxjdated

intermediate (which is formed ifthe dicarboxylated intermediate is hydrolyzed as described in

the 'Hydrolysis" section above) as follows. The free acid is mixed witii an organic solvent in

which it is soluble, such as xylenes. The aqueous layer is then extracted, which in this case is

25 the lower layer, leaving the free add in xylenes. The reaction mixturemay then be heated to

dfecarboxylate the fre6 acid ofthe dicarboxylated intermediate.

The reaction mixture prior and during the decarboxylationreactionpreferably contains

less than 5%, more preferably less than 3%, and most preferably less than 1% by weight of

water, based iq)on 100% total weigjit ofreaction mixture.

30 The decarboxylation step may also be performed neat {te, without a solvent) by

heating the dicarboxylated intermediate (or free acid thereof) to a temperature ranging from

about 140 to about 200° C.

-9-
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The hydrolyzdng and decarboxylating stepsmaybeperformed at a temperature offrom

about 20 to about 200 "^C.

Suitable solvents for the alkylated phenoxy containing compound in the

decarboxylating and hydrolyzing steps include, but are not limited to, organic solvents, such

as ethanol, dimethylacetamide (DMAC), dimethylformamide pMF), ketones acetone,

methylethylketone, and methylisobutylketone), and any combination ofany ofthe foregoing.

Salts ofthe alkylated phenoxy containing con5)ound may be formed by any method

known in the art. For example, the acid form ofthe alkylatedphenoxy containing conQ)ound,

Le.y where the alkylated phenoxy containing compound has a -COOH moiety, may be

converted into the corresponding sodium salt by reacting it with sodium hydroxide. Suitable

salts include, but are not limited to, organic and inorganic salts, for example alkali-metal salts,

such as sodium, potassium and lithium; alkaline-earfh metal salts, such as magnesium,

calcium or barium; ammonium salts; basic amino acids, such as lysine or arginine; and

organic amines, such as dimethylamine or pyridine. Sodium salts include, but are not limited

to, mono-, di-, and othermulti-valent sodium salts. A preferred salt is the disodium salt. The

salts may also be solvates, including ethanol solvates, and hydrates. The term "solvate" as

used herein includes, but is not limited to, a molecular or ionic complex ofmolecules or ions

of a solvent, such as ethanol, with ions or molecules of the compounds of the present

The presentmethodmaybe used tb preparephenoxy alkanoic, alkenoic, and alkynoic

acids and salts thereofhaving the formula

R\ R^ R^ R^ and R^ are defined as above.

The alkylatedphenoxy containingcompoimds ofthepresentmventionmaybe isolated

and/orpurifiedbymethods known in the art For example, the alkylated phenoxy containing

compounds may be purified by recrystallization or fi:actionation on one or more

invention.

where

-10-
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chromatographic supports. Fractionation may be performed on suitable chromatographic

supports, such as silica gel or alumina, using solvent mixtures such as acetic

acid^utanolAvater as the mobile phase; reverse phase column supports using trifluoroacetic

acid/acetonitrile mixtures as the mobile phase; and ion exchange chromatogr^hyusiugwater

5 as the mobile phase. The alkylated phenoxy containing compounds may also be purified to

remove impurities, such as inorganic salts, by extraction with a lower alcohol, such as

methanol, butanol, or isopropanoL

The method of the present invention uses readily available and inexpaisive starting

materials and provides a cost-effectivemethod forpreparing and isolating alkylatedphenoxy

1 0 containing compounds. The method is simple to perform and is amenable to industrial scale-

up for commercial production.

Active Agent Delivery Svstems

Dicarboxvlate Delivery Agent Compounds

1 5 The dicarboxylate delivery agent compounds ofthe present invention includethe firee

acids ofthe dicarboxylated intermediates ofthe present invention (f.e when and ^ are

hydrogen) and salts thereof Suitable salts include, but are not limited to, organic and

inorganic salts, for example alkali-metal salts, such as sodium, potassium and lithium;

alkaline-earth metal salts, such as magnesium, calcium or barium; ammonium salts; basic

20 anmo acids, such as lysine or arginine; and organic amines, such as dimethylamine or

pyridine. Preferably, the salts are sodium salts. The saltsmay be mono- or multi-valent salts,

such as monosodium salts, di-sodium salts, and trisodium salts. The salts may also be

solvates, including ethanol solvates, and hydrates.

The delivery agent compounds may be in the form ofthe firee amine or salts thereof.

25 Suitable salts include, but are not limited to, organic and inorganic salts, for example

hydrochloride salts, acetate or citrate.

Salts of the delivery agent compounds ofthe present invention may be prepared by

methods known in the art. For exanq>le, sodium salts may be prepared by dissolving the

delivery agent compoimd in ethanol and adding aqueous sodium hydroxide. In addition, poly

30 amino acids and peptides comprising one or more of these compounds may be used. An

amino acid is any carboxylic acidhaving at least one firee amine gjcovp and includes naturally

occurring and synthetic amino adds. Poly amino adds are either peptides (which are two or

more amino acidsjoined by apeptide bond) or are two ormore amino acids linked by abond

-11-
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formed by other groups which can be linked by, e.g., an ester or an anhydride linkage.

Peptides can vary in length from dipeptides with two amino acids to polypeptides with several

hundred amino acids. One or more of the amino acids or peptide units may be acylated or

sulfonated.

5

Active Agents

Active agents suitable for use in the present invention include biologically active

agents and chemically active agents, including, but not limited to, pesticides, pharmacological

agents, and therapeutic agents.

10 For example, biologically or chemically active agents suitable for use in the present

invention include, but are not limited to, proteins; polypeptides; peptides; hormones;

polysaccharides, and particularly mixtures ofmuco-polysaccharides; carbohydrates; lipids;

small polar organic molecules (i.e. polar organic molecules having a molecular weight of500

daltons or less); other organic compounds; and particularly compounds which by themselves

15 do not pass (or which pass only a fraction of the administered dose) through the gastro-

intestinal mucosa and/or are susceptible to chemical cleavage by acids and enzymes in the

gastro-intestinal tract; or any combination thereof.

Further examples include, but are not limited to, the following, including synthetic,

natural or recombinant sources thereof: growth hormones, includinghuman growth hormones

20 (hGH), recombinant human growth hormones (rhGH), bovine growth hormones, and porcine

growth hormones; growth hormone releasing hormones; growth hormone releasing factor,

interferons, including a, p and y, interleukin-1
; interleukin-2; insulin, including porcine,

bovine, human, and human recombinant, optionally having counter ions including zinc,

sodium, calcium and ammonium; insulin-like growth factor, including IGF-1; heparin,

25 including unfractionated heparin, heparinoids, dermatans, chondroitins, low molecular weight

heparin, very low molecular weight heparin and ultra low molecular weight heparin;

calcitonin, including salmon, eel, porcine and human; erythropoietin; atrial naturetic factor;

antigens; monoclonal antibodies; somatostatin; protease inhibitors; adrenocorticotropin,

gonadotropin releasing hormone; oxytocin; leutinizing-hormone-releasing-hormone; follicle

30 stimulating hormone; glucocerebrosidase; thrombopoietin; filgrastim; prostaglandins;

cyclosporin; vasopressin; cromolyn sodium (sodium or disodium chromoglycate);

vancomycin; desferrioxamine (DFO); bisphosphonates, including alendronate, tiludronate,

etidronate, clodronate, pamidronate, olpadronate, and incadronate; parathyroid hormone

-12-
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(PTH), including its fragments; antimicrobials, including antibiotics, anti-bacterials and anti-

fungal agents; vitamins; analogs, fragments, mimetics orpolyethylene glycol ^EG)-modified

derivatives of these compounds; or any combination thereof. Non-limiting examples of

antibiotics iuclude gram-positive acting, bacteriocidal, lipopeptidal and cyclic peptidal

5 antibiotics, such as daptomycin and analogs thereof A preferred active ageat is calcitonin

and more preferably salmon calcitonin.

The composition of the present invention comprises one or more delivery agent

compounds ofthe present invention, and one or more active agents. In one embodiment, one

or more ofthe delivery agent compounds, or salts ofthese compounds, or poly amino acids or

1 0 peptides ofwhich these compoxmds or salts form one or more of the units thereof, may be

used as a delivery agent by mixing with the active agent prior to administration to form an

administration composition.

The administration compositions maybe in the form ofa liquid. The solutionmedium

maybe water (for example, for salmon calcitonin, parathyroid hormone, and erythropoietin),

15 25% aqueous propylene glycol (for example, for hq)arin) and phosphate buffer (for example,

for rhGH). CMher dosing vehicles include polyethylene glycol. Dosing solutions may be

prepared by mixing a solution ofthe delivery agent compound with a solution of the active

agent,just prior to administration. Altanately, a solution ofthe delivery agent compound (or

active agent) may be mixed with the solid form of the active agent (or delivery agent

20 compound). The delivery agent compound and the active agent may also be mixed as dry

powders. The delivery agent compound and the active agent can also be admixed during the

manufacturing process.

The dosing solutionsmay optionally contain additives such as phosphate buffer salts,

citric acid, glycols, or other dispersing agents. Stabilizing additives maybe incorporated into

25 the solution, preferably at a concentration ranging between about 0.1 and 20% (w/v).

The administration compositions may alternately be ia the form ofa solid, such as a

tablet, capsule or particle, such as a powder or sachet. SoUd dosage forms may be prepared

by mixing the solid form of the compound with the solid form of the active agent.

Alternately, a solid may be obtained from a solution of compoimd and active agent by

30 methods known in the art, such as freeze-drying (lyophilization), precipitation, crystallization

and solid dispersion.

The administration compositions of the present invention may also include one or

more enzyme inhibitors. Such enzyme inhibitors include, but are not limited to, conq)ounds
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such as actinonin or epiaclinonin and derivatives thereof. Other enzyme inhibitors include,

but are not limited to, aprotinin (Trasylol) and Bowman-Birk inhibitor.

The amount of active agent used in an administration composition of the present

invention is an amount effective to accomplish the purpose ofthe particular active agent for

the target indication. The amount of active agent in the compositions typically is a

pharmacologically, biologically, therapeutically, or chemically effective amount. However,

the amount can be less than that amount v^hen the composition is used in a dosage unit form

because the dosage unit form may contain a plurality ofdelivery agent compound/active agent

compositions or may contain a divided pharmacologically, biologically, therapeutically, or

chemically effective amount. The total effective amount can then be administered in

cumulative units containing, in total, an effective amount ofthe active agent.

The total amount of active agent to be used can be determined by methods known to

those skilled in the art. However, because the compositions of the invention may deliver

active agents more efficiently than compositions containing the active agent alone, lower

amounts ofbiologically or chemically active agents than those used in prior dosage unit fomis

or delivery systems can be administered to the subject, while still achieving the same blood

levels and/or therapeutic effects.

The presently disclosed delivery agent compounds facilitate the delivery of

biologically and chemically active agents, particularly in oral, intranasal, sublingual,

intraduodenal, subcutaneous, buccal, intracolonic, rectal, vaginal, mucosal, pulmonary,

transdermal, intradermal, parenteral, intravenous, intramuscular and ocular systems, as well as

traversing the blood-brain barrier.

Dosage unit forms can also include any one or combination of excipients, diluents,

disintegrants, lubricants, plasticizers, colorants, flavorants, taste-masking agents, sugars,

sweeteners, salts, and dosing vehicles, including, but not limited to, water, 1 ,2-propane diol,

ethanol, olive oil, and any combination thereof.

The delivery agent compounds and compositions ofthe subject invention are useful

for administering biologically or chemically active agents to any animals, including but not

limited to birds such as chickens; mammals, such as rodents, cows, pigs, dogs, cats, primates,

and particularly humans; and insects.

The system is particularly advantageous for delivering chemically or biologically

active agents that would otherwise be destroyed or rendered less effective by conditions

encountered before the active agent reaches its target zone (i.e. the area in which the active
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agent of the delivery composition is to be released) and within the body of the animal to

which they are administered. Particularly, the compounds and compositions ofthe present

invention are useful in orally administering active agents, especially tiiose that are not

ordinarily orally deliverable, or those for which improved dehvery is desired.

5 The compositions comprising the delivery agent compounds and active agents have

utility in the delivery ofactive agents to biological systems and in an increased or improved

bioavailability ofthe active agent compared to administration ofthe active agent without the

delivery agent Delivery can be improved by delivering more active agent over a period of

time, or in delivering active agent in a particular time period (such as to effect quicker or

10 delayed delivery), or in delivering the active agent at a specific time, or over a period oftime

(such as sustained delivery).

Another embodiment of the present invention is a method for the treatment or

prevention ofa disease or for achieving a desired physiological effect, such as those listed in

the table below, in an animal by administering the composition of the present invention.

15 Specific indications for active agents can be found in the Physicians' Desk Reference (54*

Ed., 2000, Medical Economics Company, Inc., Montvale, NJ), which is herein incorporated

byreference. The active agents in the table below include their analogs, firagments, mimetics,

and polyethylene glycol-modified derivatives.

Active Agent Disease and Physiological Effect

Growth hormones Growth disorders

Interferons, including a, P and Viral infection, including chronic cancer

and midtiple sclerosis

Merleukin-l; interleukin-2. Viral infection; cancer

Insulin; Insulin-like growfli factor IGF-1. Diabetes

Heparin Thrombosis; prevention ofblood

coagulation

Calcitonin. Osteoporosis; diseases ofthe bone

Eryfliropoietui Anemia

Atrial naturetic factor Vasodilation

Antigens Infection

Monoclonal antibodies To prevent graft rejection; cancer
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Active Agent Disease and Physiological Effect

Somatostatin Bleeding ulcer; erosive gastritis

Protease inhibitors AIDS

Adrenocorticotropin High cholesterol (to lower cholesterol)

Gonadotropin releasing hormone Ovulatory disfunction (to stimulate

ovulation)

Oxytocin Labor disfunction (to stimulate

contractions)

Leutiiuzing-hormone-releasnig-hormone;

foUicle stimulating hormone

Regulate reproductive function

Glucocerebrosidase Gaucher disease (to metabolize lipoprotein)

Thrombopoietin Thrombocytopenia

Filgrastim Reduce infection in chemother^y patients

Prostaglandins Hypertension

Cyclosporin Transplant rejection

Vasopressin Bed-wetting; antidiuretic

Cromolyn sodium; Vancomycin Asthma; allergies

Desferrioxamine (DFO) Iron overload

Parathyroid hormone (PTH), including its

fragmrats.

Osteoporosis; Diseases ofthe bone

Antimicrobials Infection including gram-positive bacterial

infection

Vitamins Vitamin deficiencies

Bisphosphonates Osteoporosis; Paget's disease;

hihibits osteoclasts

For example, one embodiment of the present invention is a method for treating a

patient suffering Scorn or susceptible to diabetes by administering insulin and at least one of

the delivery agent compounds ofthe present invention.

Following administration, the active agent present in the composition or dosage unit

form is taken up into the circulatioiL The bioavailability ofthe agent is readily assessed by

measuring aknownpharmacological activity in blood, ag:, an increase inblood clottingtime
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caused by heparin, or a decrease in circulating calcium levels caused by calcitoiJiD'

Alternately, tbe circulating levels ofthe active agent itself can be measured directly.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

5 The invention willnow be illustrated in the following non-hmiting example which is

illustrative of the invention but is not intended to limit the scope of the invention. AH
percaitages are by weight unless otherwise indicated.

Example 1

10 A disodium salt of a phenoxy carboxylic add compound can be prepared by tb©

procedure shown in tihe flow chart below.

Alkvlation

OH

NaOH
+ Br—(CH2)6CH(COOC2Hs)2

EtGH/HaO
70-80" C

OH

+ NaBr + H2O

0-(CH2)6CH(COOC2H5)2:

Hydrolysis

OH OH

1) 4 NaOH

2) 4HC1
60-70° C

0-(CH2)6CH(COOC2H5)2

+ 3NaCI + 2EtOH + H2O 1

0-(CH2)6CH(COOH)2
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Decarboxylation

0-(CH2)6CH{COOH)2 O-(CH2)7C0OH

Disodium Salt Formation

OH ONa

+ 2H2O

0-(CH2)7COOH 0-(CH2)7COONa

All patents, patent ^plications, literature publications, and test methods cited herein

are hereby incorporated by reference.

Many variations ofthe present inventionwill suggestthemselves to those skilled ia the

art in light of the above detailed disclosure. All such modifications are within the full

intended scope ofthe upended claims.
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What is claimed is; )

1

2

3

4

1

2

3

4

5

2

3

4

5

6

7

8

9

10

1. Amettaodofpreparmgadicailjoxylatedphenoxycontaiiimgcompoimdfivma

phenoxy containing compound, the method comprising the step of (a) alkylating the

phenoxy containing compound with a dicaiboxylate alkylating agent to form the

dicarhoxylated phenoxy containing compound.

2. A method ofprq>aring an alkylated phaioxy containing compound firom a

phenoxy containing compound, the method comprises the steps of (a) alkylating the

ph^oxy containing compoimd with a dicaiboxylate alkylating agent to fonn a

dicarhoxylated phenoxy containing compound, and (b) decarboxylating the dicarhoxylated

phenoxy containing compound to form the alkylated phenoxy containing compound.

3. Themethod ofclaim 2, wherein the phenoxy containing compound has the formula

wherein

R', R\ R^ and R'* are independently H, -OH, halogen, C1-C4 alkyl, C2-C4 alkenyl,

C1-C4 alkoxy, -C(0)R'^ -NO2, -NRV, or -N^'^^^^' (R'Yj

R^ is H, -OH, -NO2, halogen, -CF3, -R'^'^ -NIi^^'^'' (R")-, amide, C,-Ci2

alkoxy, C1-C12 alkyl, C2-C12 alkenyl, carbamate, carbonate, urea, or -C(0)R'^

R^ is a leaving groiq);

R', R'", andR" are independentlyH or Ci-Cio alkyl;

R'^ is H, C1-C4 alkyl, C2-C4 alkenyl, or -NH2;
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11 R'" and R'* are independently a halide, hydroxide, sulfate, tetrafluoroborate, or

12 phosphate;

13 r'«, and R^' are indq)endently H, Ci-Cjo alkyl, C,-Cio alkyl substituted with -

14 COOH, C2-C12 alkenyl, C2-C12 alkenjd substituted with -COOH, -C(0)R^";

15 r'' is -H, Ci-Ce alkyl, or C2-C,2 alkenyl; and

16 R^ is -OH, Ci-C,o alkyl, or CrC,2 alkenyl.

1 4. The method ofclaim 2, wherein the dicaiboxylate alkylating agent has the fomiula

2 O

H

6
II

7 O

8 wherein

9 R' is a hnear or branched, C1-C20 alkylene, alkenylene, or alkynylene;

10 R'is optionaUysubstitutedwithCrC4alkyl, C,-C4 alkenyl, oxygen, nitrogen, sulfur,

1 1 halogen, -OH, C1-C4 alkoxy, aryl, heteraryl, or vinyl;

12 R^ is optionally interrupted with aryl, heteroaryl, vinyl, oxygen, nitrogen, or sulfur;

13 R* and R" are independently C1-C4 alkyl or C1-C4 haloalkyl; and

14 X is a suitable leaving group.

1 5. The method ofclaim 2, wherein themolar ratio ofphenoxy containing compound

2 to dicarboxylate alkylating agent is from about 1 : 1 to about 1 :0.5.

1

2 a base.

6. Themethodofclaim2,whereinthea]kylatingstepisperfonnedinthepresenceof

1 7. The method ofclaim 6. wherein the molar ratio ofbase to phenoxy containing

2 compound is greater than 1.

1 8. The method ofclaim 7, wherein the base is pyridine, picoline.

2 tetramethylguanidme, triethylamine. dusopropylethylamine, sodium bicarbonate.
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3 potassium bicarbonate, sodium carbonate, potassium carbonate, or any combination ofany

4 of the foregoing.

1 9. The method ofclaim 8, wherein the base is sodium carbonate.

1 10. The method ofclaim 2, wherein the alkylating step is performed at a temperature

2 offrom about 40 to about 80^ C.

1 11. Themethod ofclaim 1 0, wherein the alkylating step is performed at a temperature

2 offrom about 60 to about 80^ C.

1 12. Themethod ofclaim 2, wherein the dicarboxylate phenoxy containing conopound

2 has the formula

r4

4 where

5 R^ and R"* are independentlyH, -OH, halogen, C1-C4 alkyl, C2-C4 alkenyl, Cr
6 C4 alkoxy, -C(0)R^^ -NO2, -NR^^^ or-N^W (R'^;

7 R' is H, -OH, -NO2, halogen, -CFs, -R^^'^ -N^'^'^'^ (R}')\ amide, C1-C12

8 alkoxy, C1-C12 alk>i, C2-C12 alkenyl, carbamate, carbonate, urea, or -C(0)R*';

9 R^ is a linear or branched, C1-C20 alkylene, C2-C20 alkeaylene, or C2-C20 alkynylene;

10 R^ is optionally substitutedwithCrC4 alkyl, CrC4 alkenyl, oxygen, nitrogen, sulfur,

1 1 halogen, -OH, C1-C4 alkoxy, aryl, heteraryl, or vinyl;

12 R^ is optionally mteniipted with aryl, heteroaryl, vinyl, oxygen, nitrogen, or sulfur,

13 R* and R" are independently C1-C4 alkyl or C1-C4 haloaDcyl;

14 R^ R'*^, and R"^ are independentlyH or d-Cio alkyl;

15 R^^ is H,CrC4 alkyl, C2-C4 alkenyl, or -NH2;
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16 R^"^ and R^^ are independently a halide, hydroxide, sulfate, tetrafluoroborate, or

17 phosphate;

18 R^^ R^^, and R^^ are independently H, Ci-Cio alkyl, Ci-Cio alkyl substituted with -

19 COOH, C2-C12 aDcenyl, C2-C12 alkenyl substituted with -COOH, -C{0)R^*^;

20 Ri^ is -H, CrCe alkyl, or C2-C12 alkenyl; and

21 R^^ is -OH, Ci-Cio alkyl, or C2-C12 alkenyl.

1 13. The method of claim 2, further comprising hydrolyzdng one or more carboxyl

2 moieties of the alkylated phenoxy carboxyUc acid compound after step (a) to form the free

3 acid ofthe alkylated phenoxy carboxylic acid compound.

1 14. The method ofclaim 13, wherein the decarboxylating step is performed after the

2 hydrolyzing step.

1 15. The method of claim 2, wherein decarboxylating comprises heating the

2 dicarboxylatedphenoxy containing compound in an organic solvent to a temperature ranging

3 from about 140 to about 200^ C.

1 16. The method ofclaun 15, wherein the organic solvent has aboihngpoint ofat least

2 about 110^ C.

1 17. The method of claim 15, wherein the organic solvent is selected from xylenes,

2 toluene, heptane, dimethyl acetamide, dimethyl fonnamide, methyl sulfoxide, isoparaflBns,

3 and any combination ofany ofthe foregoing.

1 1 8. The method ofclaim 2, wherein the alkylatedphenoxy containing compound has

2 the formula

.1 /COOH

3
1^1 COOH

4 where
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5 R', R^ R', and R" are independentlyH, -OH, halogen, Ci-C4 alkyl, C2-C4 aDcenyl, Ci-

6 C4 alkoxy, -C(0)R'^ -NO2, -NR'r'", or -N^'r'^R'^ (R^")';

7 RMs H, -oh, -NO2, halogen, -CF3, -R'^'*, -N^'^R'<1i" (R'^", amide, C,-Ci2

8 alkoxy, C1-C12 alkyl, C2-C12 alkenyl, carbamate, carbonate, urea, or -C(0)R";

9 R^ is a linear orbranched, Ci-Czo aUcylene, C2-C20 alkenylene, or C2-C20 alkynylene;

10 is optionally substituted with C1-C4 alkyl, C1-C4 alkenyl, oxygen, nitrogen, sulfur,

1 1 halogen, -OH, C1-C4 alkoxy, aryl, heteraryl, or vinyl;

12 R'^ is optionally interrupted with aryl, heteroaryl, vinyl, oxygen, nitrogen, or sulfur;

13 R^ R^^ and R^^ are independentlyH or Ci-Cio alkyl;

14 R'^ is H, CrC4 alkyl, C2-C4 alkenyl, or "NH2;

15 R^^ and R^^ are independently a halide, hydroxide, sulfate, tetrafluoroborate, or

16 phosphate;

17 R^^ R^^ and R'^ are independently H, Crdo alkyl, Ci-Cio alkyl substituted with -

1 8 COOH, C2-C12 alkenyl, C2-C12 alkenyl substituted Avith -COOH, -C(0)R^^;

19 R^^ is -H, Ci-Cfi alkyl, or C2-C12 alkenyl; and

20 R^*^ is -OH, CrCio alkyl, or C2-C12 alkenyl.

1 19. A method of preparing an alkylated phenoxy containing compoxmd from a

2 dicarboxylated phenoxy containing compoxmd comprising the step of decarboxylating and

3 hydrolyzing the dicarboxylated phenoxy containing conqpound to form the alkylatedphenoxy

4 containing compound.

1 20. A compound having the formula

3 wherein
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4 R\R^ and R" are independentlyH, -OH, halogen, C1-C4 alkyl, Ct-Ca alkenyl, Cj-

5 C4 alkoxy, -C(0)R'2. -NO2, -NR^'", or -N^'^">R» (R«Y;

6 r5 is H, -OH, -Na, halogen, -CF3, -R'^'^ -N*R'^«1i'' (R")', amide. C,-C,2

7 alkoxy, C1-C12 alkyl, C2-C12 alkenyl, carbamate, carbonate, urea, or -C(0)R";

8 R' is a linear or branched, C1-C20 alkylene, C2-C20 alkenylene, or C2-C20 alkynylene;

9 R' is optionaUy substitutedwith C1-C4 aOcyl, C1-C4 alkenyl, oxygen, nitrogen, sulfur,

1 0 halogen, -OH, C1-C4 alkoxy, aryl, heteraryl, or vinyl;

11 R^ is optionally interrupted with aryl, heteroaryl, vinyli oxygen, nitrogen, or siU&r;

12 R* and R" are independently C1-C4 alkyl or C1-C4 haloalkyl;

13 R', r'° and R" are independentlyH or Ci-Cio alkyl;

14 R'2 is H, C1-C4 alkyl, C2-C4 alkenyl, or -ISIH2;

15 R''' and R^' are independently a halide, hydroxide, sulfate, tetrafluoroborate, or

16 phosphate;

17 R'^ r'« and R" are independently H, Ci-Cio alkyl, Cj-Cio alkyl substituted with -

1 8 COOH, C2-C12 alkenyl, C2-C12 alkenyl substituted with -COOH, -C(0)R^;

19 r'' is -H, Ci-Cs alkyl, or C2-C12 alkenyl; and

20 R^° is -OH, Ci-Cio alkyl, or C2-C12 alken^.

1 21. A composition comprising:

2 (A) an active agent; and

3 (B) at least one compound ofclaim 20.

1 22. A dosage unit form comprising:

2 (A) the composition ofclaim 2 1 ; and

3 (B) (i) an excipient,

4 (ii) adilutent,

5 (iii) a disintegrant,

6 (iv) ahibricant,

7 (v) aplasticizer,

8 (vi) a colorant,

9 (vi) a dosing vehicle, or

10 (vii) any combination thereof.
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1 23. AmefhodforadmmsteringabiologicaUy-activeagenttoanaii^

2 the agent, the method comprising administering oraUy to the animal the composition of

3 claim 21.

1 24. A method for prq)armg a composition comprising mixing:

2 (A) at least one active agent;

3 (B) the compound ofclaim 20; and

4 (C) optionally, a dosing vehicle.
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